The study of culture is important for many disciplines such as psychology, sociology, anthropology, archaeology, museology, communication, management and business. This research presents many potential opportunities for Information Technology specialists to develop culturally-aware technology, but it also raises the risk of inconsistent approaches to the cultural domain. In this chapter, the authors present the fundamental concepts of the Upper Ontology of Culture (UOC), a formal conceptualization of the cultural domain they developed by identifying the common backbone of culture-related disciplines and activities. As a neutral, theory-driven, and interdisciplinary conceptualization, the UOC provides guidelines for the development of culturally-aware applications, for the consistent computerization of cultural data and their interoperability, as well as for the development of culturedriven automatic reasoning processes.
INTRODUCTION
The study of culture is important for many disciplines such as psychology, sociology, anthropology, archaeology, museology, communication, management and business to cite but a few. This research presents many potential opportunities for Information Technology (IT) specialists to develop culturally-aware technology.
However the various coexisting and competing discipline-specific approaches and methods that have been developed, the genuine fuzziness of folk language that people use to discuss cultural matters and the ill-defined nature of cultural questioning lead us to the statement that cultural awareness is particularly difficult to address consistently in IT.
As mentioned by Lane and his colleagues, "ill-defined domains, in contrast to those that are well defined, are characterized by problems that tend to lack consistent, unambiguous, and generalizable solutions" (Lane et al., 2007) . Indeed, culture is an easy-to-use concept in everyday discussions. But it becomes much more difficult to deal with when the time comes to give it a proper and consensual definition, to determine its constituents or to describe its specifics: in other words to consider it in a scientific manner (Blanchard & Mizoguchi, 2008) .
Even when this is the case, cultural notions and terminologies sometimes differ from one discipline to another. The research focus of disciplines may also vary. For instance, some disciplines such as repositories (such as wikis, newspapers websites or weblogs) could also be seen as less explicit sources from which information about a cultural group can be extracted.
The quality of cultural data computerization can be enhanced by using proper semantic web techniques (Aroyo et al., 2007) . This results in new functionalities and opportunities to manipulate cultural collections in an "intelligent manner", to facilitate their use for research purpose, or to make them more accessible to the general audience (Hyvönen, 2009; Stock & Zancanaro, 2010) .
Other artificial intelligence approaches have been proposed to retrieve, organize, and understand non-homogenous cultural knowledge by cross-analyzing several sources of information. For instance, the OASYS system (Cesarano et al., 2006) illustrates the opinion intensity of a group of people by analyzing its web production (blogs, forums, newspapers) related to targeted topics, which may then inform and tailor geopolitical decisions.
Intercultural Education
In the history of mankind, it has never been so easy for an individual to interact with foreigners or to discover distant cultures through virtual or real life opportunities. Hence there is a growing need for intercultural education, and developing systems that teach intercultural skills is a very dynamic field of research. UNESCO (2007) has identified several objectives for intercultural education:
1. To respect "the cultural identity of the learner through the provision of culturally appropriate and responsive quality education for all", 2. To provide "every learner with the cultural knowledge, attitudes and skills necessary to achieve active and full participation in society", 3. To provide "all learners with cultural knowledge, attitudes and skills that enable them to contribute to respect, understanding and solidarity among individuals, ethnic, social, cultural and religious groups and nations". These objectives imply that systems for intercultural education should integrate culturally-relevant pedagogical practices not only because it is respectful of learners, but also because it may frequently be highly efficient. Indeed research has shown that local educational practices frequently increase performance more than internationally-endorsed practices. For instance, Biggs's analysis of Commonwealth-spread versus Hong-Kong pedagogical strategies showed a better efficiency of the latter on Hong-Kong students (Biggs, 2001) .
These systems also need to have a good overall understanding of both the learner's culture and the targeted culture. This is extremely difficult because the cultural domain is known to be ill-defined (Lane et al., 2007) and cultures are entities that are too complex to be fully modelled (Blanchard & Mizoguchi, 2008) . Determining the amount of information that is necessary to develop a sufficient and neutral model of a given culture, and how such information is to be efficiently transmitted to a learner, are complex tasks that have to be adequately considered in order to provide effective intercultural education. Furthermore, pedagogical designers are enculturated human beings and, as such, may be subject to ethnocentric views about knowledge in a particular domain (Blanchard & Mizoguchi, 2008) . This has to be regulated in order to avoid the dissemination of misconceptions and stereotypes.
Nowadays, military funding has supported major culturally-aware educational systems that focus on cultural issues that soldiers may encounter. Examples of such systems include the Adaptive Thinking and Learning System (Raybourn et al., 2005) , the Tactical Language and Culture Training System (Johnson, 2007) , the Virtual Environment Cultural Training for Operational Readiness system (Deaton et al., 2005) , and BiLAT (Lane et al., 2007) . More civilian approaches also exist such as Second China (Henderson et al., 2008) and the work of Ogan and her colleagues (Ogan et al., 2008) . Ogan and Lane (2010) provide a comprehensive review of these systems.
Intercultural Collaboration
IT is also used to enhance intercultural communication. Allowing an individual to understand behaviors and perspective of foreigners, or providing him or her with advice on how to efficiently communicate with foreigners are tasks that may be achieved by software assistants in online environments or through the use of personal devices (see for instance CultureGPS, 2009) .
Intercultural education and intercultural communication are closely linked. Indeed the development of intercultural communication skills is the specific objective of some of the systems that have been cited in the previous sections (Johnson, 2007; Lane et al., 2007) . However, whereas educational systems focus on learners' internalization of transmitted knowledge, the use of cultural communication assistants may not necessary focus on long term learning. Some professionals may require culturally-intelligent suggestions only in a very specific context. Hence developing the ability of such assistants to clearly identify communication issues the user may face in a specific cultural context would allow them to provide contextually-appropriate recommendations For instance, consider a business executive that has to travel to many different countries in a short period of time, He could consult an assistant with his mobile phone before each of his meetings in order to express culturally-specific greetings, and to receive advice on how to behave in front of his business partners.
Cultural Knowledge in Information Systems
Whatever the domain of application is, cultural awareness implies the ability to target one or more group(s) of people and manipulate appropriate cultural knowledge. Depending on the discipline, different approaches exist to study the cultural domain. In this section, we briefly introduce the main sources of cultural knowledge to which information systems could refer.
Information systems have a long history of basic internationalization, and this currently consists of two main approaches: (a) asking limited information such as the current localization and language when setting up operating systems and loading the appropriate configuration, or (b) referring to the IP address to infer the localization, this being what major international websites do to customize their front page to show more locally-relevant information (see for instance differences between French, French-Canadian and English-Canadian front-pages of the video-sharing website "Dailymotion" 1 , or try a similar request on various national versions of "Google").
Additional information can also be inferred from such country-based categorization by using frameworks known as systems of national values that summarize country/region characteristics in a limited number of dimensions. Values related to such dimensions are supposed to express major orientations of a cultural group. Among all proposed models, Hofstede's framework (Hofstede, 2001) has had the most impact within the last 25 years (Kirkman et al., 2006) . It characterizes more than 70 cultures through the following five dimensions (Hofstede, 2009) : Power Distance (PDI, "the extent to which the less powerful members of organizations and institutions (like the family) accept and expect that power is distributed unequally"), Individualism (IDV: "the one side versus its opposite, collectivism, that is the degree to which individuals are integrated into groups", Masculinity (MAS: "the distribution of roles between the genders"), Uncertainty Avoidance (UAI: "a society's tolerance for uncertainty and ambiguity"), and Long Term Orientation (LTO: a more recently added dimension referring to a general interest for "virtue regardless of truth").
Even if Hofstede's framework is the most frequently cited system of values, it is not supported by all scholars and has frequently been criticized. For instance, McSweeney (2002) pointed out that such a general overview of national tendencies can't really be applied at the individual level. Other systems of values, such as Schwartz' s Value Inventory (Schwartz, 1992) or the recent GLOBE study (House et al., 2004) have indeed tried to address this specific issue by proposing dimensions for both group and individual level analysis. However, as stated by Earley (2006) and Smith (2006) , there is no perfect system of values, and each of the proposed frameworks has positive and negative qualities. But overall, this paradigm allows easy cross-cultural comparisons and understanding of characteristics of a national group. This is probably one of the reasons why systems of values have inspired several IT studies (Marcus & Gould, 2000; Marcus & Alexander, 2007; Savard et al., 2008; Reinecke & Bernstein, 2009; Blanchard, 2009) .
The "system of national values" paradigm itself raises several criticisms, which include an oversimplification of national characteristics or an inefficient consideration of individual variations within cultural groups (McSweeney, 2002) . Furthermore, all existing systems of values have been primarily designed in business contexts and do not necessarily apply well in other domains (Blanchard et al., 2009b; Stewart & Chakraborty, 2010) . Finally, systems of values mainly consider cultures at their country level whereas other cultural layers such as religious, organizational, social class, or ethnicity membership to cite but a few, may provide relevant information for cultural awareness in information technology (Reinecke et al, 2010 ; Rehm, 2010) .
Many studies have investigated the different possible cultural layers and,several approaches have been proposed for this purpose, each fostering in turn new research initiatives and developments. For instance, as stated by Cooper and Denner (1998) , at least seven theoretical orientations exist that try to link culture to psychology research. They focus either on "core cultural ideas", on context and ecological systems, on castes in stratified societies, on intergroup relations, or on social capital. A similar variety of approaches can be observed within other culture-related disciplines. It should also be noted that the cultural focus may vary from a discipline to another. For instance, tangible cultural production is of primary interest in some disciplines such as archaeology. But it is almost completely ignored in others such as psychology.
Several scholars have also investigated universal versus cultural characteristics of human beings. Notable initiatives include:
• A list of basic universal emotions, which consists of anger, disgust, fear, happiness, sadness, surprise, has been proposed by Ekman (1972) and has greatly inspired the development of affective computing (Picard, 1997) . However, not all researchers agree on this concept of universal emotions (see Mesquita et al., 1997 for a more complete discussion about this question).
• The Self Determination Theory (Ryan & Deci, 2000) depicts human motivation as universally regulated by basic psychological needs (autonomy, competence, and relatedness) whose fulfilment strategies would vary from a culture to another (Chirkov et al., 2003) .
• The Politeness Theory (Brown & Levinson, 1987) proposes to categorize communication acts in two categories: positive faces and negative faces. This theory has recently inspired an abundance of culturally aware systems (Johnson et al., 2005 , Wang & Johnson, 2008 Miller et al., 2008; Miller et al., 2010) . Various methodologies for collecting data have been proposed, including participant observation (see DeWalt et al., 1998) where the observer tries to become part of the society (s)he is analyzing. By making researcher presence transparent to studied individuals, the objective of participant observation is to reduce side effects and increase the quality/relevance of collected data.
Finally, it is also to be mentioned that some institutions develop their own summaries of information about a culture for their employees. For instance, in 2006, the US Army Training and Doctrine Command has issued such a document "to provide soldiers with a basic overview of Arab culture" (ACA, 2009 ). However such surveys do not necessarily include references, which makes verification of their statements problematic. Depending on the credibility of the author institution, the use of such data repositories may be questionable in culturally-aware systems for the sake of data reliability.
Overall, most of the vast amount of cultural information obtained in previously-cited cultural studies is rarely used in IT projects. There are many potential explanations for this: the lack of comprehensive comparisons between the various existing initiatives, the lack of centralized sources of information, the lack of computerized data, or even the lack of comprehensive and easily computerizable cultural frameworks. All of this leads to a limited awareness of IT designers about the variety of approaches in cultural studies.
Indeed, acquiring a general understanding of the cultural domain is a particularly intense and timeconsuming task for an IT development team that is not always compatible with business constraints. It is however a necessary process for a team in order to ensure that design and development choices are in-line with the objectives of a culture-related project. A generic conceptualization of the cultural domain, neutral and interdisciplinary, would thus be of great interest to IT teams: by extracting the common backbone of cultural disciplines, it should allow better transfer of information from one approach to another as well as new comparison opportunities. Formalisms for interoperability could be extracted from this conceptualization, and would constitute the core of systems that could computerize, centralize, compare, share, and manipulate many kinds of cultural data.
Formal ontology engineering focuses on such objectives. Hence our project aims to apply an ontological analysis to the cultural domain. The ontology we wish to obtain is not to be considered as a cultural theory but rather as a set of formal and neutral definitions of concepts that may be needed by culturally-aware systems in order to address different kinds of cultural issues. Furthermore, by remaining at a high level of conceptualization, the particular perception of a cultural issue by a specific school of thinking could latter be extended from the work presented in this chapter.
In the next section, we introduce the principles behind the domain of ontology engineering.
ONTOLOGY ENGINEERING

Fundamentals of Ontology Engineering
Ontology
Ontology engineering is currently a hot topic in computer science research. According to the IEEE Standard Upper Ontology Working Group (SUOWG), an ontology:
"is similar to a dictionary or glossary, but with greater detail and structure that enables computers to process its content. An ontology consists of a set of concepts, axioms, and relationships that describe a domain of interest." (SUOWG, 2009) Several applications have been proposed to develop ontologies, the most famous one being Protégé 2 . Our project is developed with HOZO 3 , an ontology editor from Osaka University. HOZO, even if less popular than Protégé, has notable functionalities that are of particular interest for our project. Figure 1 presents the two main representation styles of a fictional ontology in HOZO. We will use it to (a) present additional ontology engineering concepts, (b) to explain the main characteristics of HOZO, and (c) to familiarize readers with the way of understanding screenshots used in this chapter.
Figure 1. Representations of an ontology in HOZO
Two tree views are available in HOZO in order to elicit and manipulate concepts of an ontology. The one on the left part of Figure 1 is a summary of the information that is presented in the section on the right. Defined concepts appear as rectangle nodes and are organized through a structure of is-a relation links, which is a classic way of representing the relation between a concept (parent) and its specializations (its offspring i.e. children, grand children and so on) in ontology engineering. Hence in figure 1, AA and AB are specializations of A, and CA is a specialization of C, all concepts being specializations of Any, the root concept.
The right section of Figure 1 contains much more information that we will now explain.
Elicitation of the Internal Structure of a Concept
HOZO uses the internal structure of a concept (its essential features) in order to define its identity rather than solely relying on a label (A for instance); this approach is known to promote a common understanding of the concept. Instantiations of structural elements of a concept have to be of a specific kind (or type), which is known as class-constraint in ontology engineering: in Figure 1 , B, C and D are class-constraints of structural elements of concept A. Two kinds of relation links are used to describe a concept's internal structure, and cardinality information complements such links:
• Attribute-of links (depicted as a/o) are used to define essential attributes of a concept. Hence a type-B attribute is a necessary element of the identity of A. For instance, each organ can be assigned a function-type attribute (with a potentially multiple cardinality).
• Part-of links (depicted as p/o) are used to describe essential parts of a concept. A should thus be read as having one C-type and potentially several D-type essential parts. For instance, a headtype element could be determined as an essential part of a human body (with a 1-cardinality).
Role Assignation to Structural Elements
While acting as class-constraints, type-B attribute, as well as types-C and D parts of concept A are also assigned specific roles. Those are A_a1, A_p1, and A_p2 respectively. HOZO's primary distinguishing characteristic is probably its alignment to an ontological theory of roles (see Mizoguchi et al., 2007) . To summarize, should we want to discuss the concept of "faculty", we could determine that, among other things, parts of it are "human being"-types with a "teacher" role (in charge of teaching), and one is a "human being"-type with a "dean" role (the head of the faculty). Hence in HOZO, "human being" would be the class constraint of 2 p/o of "faculty". For one of these p/o, the cardinality would be "1.." (i.e. min cardinality set to 1, max not defined), and its role would be "teacher"; for the other one, the cardinality would be "1" and its role would be "dean".
Role classes are original concepts on their own, and as such, their internal structure can also be elicited. This is the case for the CA-type part of concept AB: its role is AB_p1 and, as such, it has one defined E-type attribute (whose role is AB_p1_a1). For instance, using the previous "teacher" example, it could thus be mentioned that all "human beings" in a "teacher" role have a "specialty"-type attribute, whose role is "taught discipline".
The ontology developer may also want to clearly specify a label for a particular element of an internal structure of a class-constraint in order to facilitate its unambiguous reuse in other sections of the ontology. Such a thing is known as role-holder in HOZO. In Figure 1 , A_p1_holder is the label given to a C-type concept when its role is A_p1in the context of an A-type concept. A_p1_holder-type concepts are parts of an F-type's structure, and role-holder specificity is identified with [RH] at the end of the label. Following the same "faculty" example that we introduced before, "faculty professor" could be the label given to a "human being" with a "teacher" role in the context of a "faculty". This could allow disambiguating the identity of a teacher in faculty from the one from a teacher in secondary school environments.
To summarize, the ontological definition of the A-labelled concept (its identity) refers to an entity composed of one C-type part, whose role is A_p1 and is labelled as A_p1_holder in such situation, and potentially several D-type parts, whose roles are A_p2. Furthermore a B-type attribute, whose role is A_a1, also needs to be specified.
Specialization of a Concept
As said earlier, AA and AB are elicited as specializations of A in Figure 1 , which means they are full A-type concepts with some specific characteristics. In HOZO however, internal structure that has been specified for a concept (the parent) is not necessarily expressed in its specializations (the children or offspring). Only additional information on the internal structure will be expressed such as a new Etype part for the AA specialization of A (whose role-name AA_p3 expresses that this E-type part is the 3 rd property of AA, C-type and D-type parts being the two other ones). Another way to disambiguate a child from its parent is to specify one of its internal part or attribute. For instance, in order to be an AB, an A-type concept will need its C-type part to be a CA-type element (CA being already a specialization of C).
Class-concept versus instance
The ontological definition of an element refers to the definition of a class-concept (role, classconstraint, as well as role-holder concepts can all be seen as different kinds of class-concepts). A class-concept can be seen as the objective specification of a notion, and as such, it needs to be instantiated in order to become real. This is similar to defining what a faculty professor is (i.e. a human being with a teacher role in a faculty), and saying that there is a faculty professor known as John Smith: "faculty professor" is a class-concept whereas John Smith is an instance of the "faculty professor" class-concept.
Being an instance of a class-concept means that if an element of the internal structure of the classconcept (its identity) is not fulfilled, or were to be destroyed, the related instance could no longer exist. For instance, if John Smith were to be fired, his "teacher" role would no longer exist, thus the current instance of John Smith as a faculty professor would disappear (even if the instance of John Smith as a human being would normally survive).
Relation-class definition
As seen in Figure 1 , several kinds of between-concepts relations are available in HOZO representations of ontology (is-a, part-of, attribute-of, role-of, role-holder-of). However, an infinity of relations could help in understanding the interactions between concepts. Such relations are concepts on their own (relation concept) and HOZO allows a developer to describe any such thing in a dedicated frame similar to the right side of Figure 1 (this means that the internal structure of a relation concept can also be elicited). Due to space constraints, we can't present this frame in this chapter. After being elicited, new kinds of relations can be used in the main view of HOZO. For instance, in Figure 1 , A_p1 and A_p2 are linked with a "larger-than"-type relation
Lightweight versus Formal (Heavyweight) Ontologies
There are several more or less rigorous ways of dealing with ontology engineering. Mizoguchi (2003) and others classify ontologies as lightweight or heavyweight. According to Mizoguchi:
• (Smith, 2003) , and is grounded on an unbiased (i.e. domain and application-independent) approach in the conceptualization of reality, with pure objectivity as the targeted horizon on any formal ontology engineer.
By focusing on the elicitation of the internal structure of concepts, HOZO supports the development of heavyweight ontologies. However the quality of the final product always depends on developers' skills and their commitment to their project.
Upper Ontology
An upper ontology or top-level ontology is a specific kind of formal ontology. According to the SUOWG, an upper ontology:
"is limited to concepts that are meta, generic, abstract and philosophical, and therefore are general enough to address (at a high level) a broad range of domain areas. Concepts specific to given domains will not be included; however, this standard will provide a structure and a set of general concepts upon which domain ontologies (e.g. medical, financial, engineering, etc.) could be constructed." (SUOWG, 2009 is another SUO candidate, but its development is less compliant with philosophical achievement than the five previously cited. SUOs try to define top level categories of concepts in order to address any aspects of the world, whether they are concrete or abstract. SUOs are designed to be the foundations of more specific ontologies that could then be used in real applications. Recently, there have been initiatives to explore how conceptualizations of main SUOs match each others (Mizoguchi, 2009b) .
In our attempt to conceptualize the cultural domain, we face a major challenge: each culture-related discipline has specific "traditions" for dealing with this domain. Since one of our primary objectives is to allow interoperability of research initiatives from different disciplines and culture-related domains, the ontology we are developing has to remain at a high level of conceptualization and aims "to serve as common neutral backbone, which would be supplemented by the work of ontologists working in more specialized domains" (Smith, 2003) . It can thus be qualified as an upper ontology even if the conceptual categories we are addressing are a step below those of SUOs. Hence our own work has been grounded on concepts defined in YAMATO and could thus be considered as a cultural extension of this SUO. In the next section, we briefly introduce the main principles of YAMATO.
YAMATO: Yet Another More Advanced Top Ontology
YAMATO was first released in 2009 (YAMATO, 2009), and is described in detail in (Mizoguchi, 2009a) . Figure 2 presents the main concepts of YAMATO.
Entity
Entity is the root concept for any concept that is related to an element of the real world, and is defined as "something which exists independently of others". Three families of entities are identified in YAMATO, the first two of them (Physical and Abstract) being commonly discussed in the ontology literature.
• Physical entities are things "that need both 3D space and time to exist". It has two sub-categories: continuant, covering entities that are mainly considered along with the 3D space (such as artifact or agent), and occurrent, covering entities that are mainly considered along with the time dimension and whose children are event and stative, the latter including both process and state.
• Abstract entities are "things that need neither 3D space nor time to exist". Truth, number or unit are examples of abstract entity concepts.
• Semi-abstract entities are specific to YAMATO and defined as entities that "need only time to exist". Content must be distinguished from its representation, the latter being defined as "anything which has content as its essentials rather than itself…". A proposition, such as information or thought, is an example of a content entity, whereas computer program, painting or text are classic examples of representation entities.
Substrate
Substrate is defined as "what entities need to exist in the real world". Not surprisingly, two of its three offspring branches refer to space and time, used to distinguish the three families of entities. Substance is the parent concept of the third branch (for instance, previously mentioned artefact entities not only will have to be defined in time and space, but also according to the substances from which they are made).
Quality_Quantity
Distinctions between quality-related concepts are currently the subject of intense discussions between ontology specialists, and are not adapted for the non-specialist audience of this handbook. Readers interested in learning about YAMATO's quality approach are invited to consult (Mizoguchi, 2009a) . To summarize, a quality cannot exist alone: it is "a certain dependent property possessed by an entity". A quality keeps its identity even if its quality_value has changed, the latter being either quantitative (like a length) or categorical (like a colour). Attribute and property are two ways of expressing quality in YAMATO: attribute refers to a genuine quality type such as "length" or "weight", whereas property refers to a quality taking a certain value, for instance "150 cm long".
THE UPPER ONTOLOGY OF CULTURE PROJECT
Objectives and Potential Techno-Cultural Challenges of the UOC
As mentioned in the introduction, the UOC aims at proposing a neutral, theory-driven, conceptualization of the cultural domain, and as such it addresses several objectives related to the development of culturally-aware technology:
1. To allow IT development teams to deal with cultural considerations in a scientifically-sound and cross-disciplinary way, i.e. to propose appropriate guidelines on what development teams should focus on when addressing a specific cultural issue, 2. To suggest ways of appropriately computerizing cultural aspects of a given problem by suggesting templates for theory-driven data structures and data management processes, 3. To promote interoperability by enforcing the consistency of cultural data modelling between systems, thus facilitating reuse of computerized cultural data, 4. To promote cultural automatic reasoning, thus allowing systems to take culturally-informed decisions that may impact on their internal processing as well as on human-computer interaction. Hence, the UOC may help to tackle several techno-cultural challenges such as:
• Developing realistic 3D representations of past and contemporary cultural environments (Pavlidis et al., 2007) as well as common artefacts such as clothes or tools, and potentially using them adequately for an educational purpose (see Ogan & Lane, 2010 ).
• Developing realistic (groups of) embodied Enculturated Communication Agents (ECA: Rehm, 2010; Endrass et al., 2010) . This implies embedding specific cultural knowledge (Henrich & Boyd, 2002; Pyysiäinen, 2002; Scharifian, 2003; Dawkins, 2006) into cognitive agents (Johnson et al., 2005; Miller et al., 2010; Rehm et al., 2009; Blanchard, et al., 2009a) , specifying a spectrum of common interaction and communication behaviors with compatriots, foreigners, as well as with their environment (Rehm, 2010; Endrass et al., 2010) , detailing physical characteristics, and so on. This lies in the not-so-new computational anthropology initiative of developing artificial cultures by computational means (Gessler, 1994; Gessler, 2002) . Concerns about the heterogeneous nature of a cultural group could also be addressed. Indeed cultural group members vary in their endorsement of their culture (Scharifian, 2003) , and sub-cultures also exist.
• Developing culturally-aware adaptive techniques to take into account cultural characteristics of users of an application (Blanchard, 2009 ). This implies determining the cultural profile of such users, which is not a trivial task on its own (Reinecke et al., 2010) . This information then has to be adequately embedded in adaptive processes in order to enhance the efficiency of the system, the interest users may develop in (re)using it, as well as to avoid the use of references that may conflict with user-endorsed cultural norms.
• Translating into a common format data gathered from different sources such as museum collections, anthropological databases (HRAF, 2009), empirical data, or cross-cultural studies (Schwartz, 1992; Hofstede, 2001; House et al., 2004) , This would facilitate their use in different contexts. Indeed, such data could be used at different technical development steps (3D representation, behavioral and cognitive modelling of ECAs, adaptive processes, embedding information within the environment). Furthermore, the UOC could help to develop formalized techniques for enhancing the traceability of cultural data (how it was obtained/collected/discovered/manipulated) in order to improve the quality and credibility of information that culturally-aware systems can rely on..
• Developing culturally-aware systems in a reproducible manner in order to make the development of similar applications for other countries easier, or to later extend possibilities of a system with additional cultural functions and information. Some of the cultural challenges we mentioned above are already addressed by various research teams. The main difficulty lies in having a coherent approach when considering several of them together. This is the very purpose of the UOC development: to come up with a general and neutral framework of the cultural domain in order to address any kind of cultural issue in a neutral and theorygrounded manner. Interests of the UOC are however not restricted to the examples mentioned above, and many other culturally-aware systems should benefit from the development of such crossdisciplinary cultural conceptualization.
Ontological Conceptualizations of Culture-Related Domains
The conceptualization of some additional domains is required in order to adequately model core cultural concepts of our upper ontology of culture. Thus, in this section, we discuss the conceptualization of three culture-related domains. They have to be considered as full parts of the UOC.
Firstly, a model of the cognitive domain is required because cultural experiences are strongly mindrelated (Nisbett & Norenzayan, 2002) . Having a model of the affective domain is also important, cultural and affective experiences being strongly intertwined (Mesquita et al., 1997) . Finally cultural experiences have to be understood as being context-sensitive in order to correctly address them. The UOC conceptualization of context is the subject of the first part of this section.
Conceptualization of Centered Context
It is necessary to consider cultural elements and experiences within their context or situation. Context-awareness is already a hot topic in Human-Computer Interactions (Dourish, 2001; Greenberg, 2001 ). Rohlfing and her colleagues (Rohlfing et al., 2003) propose that a situation can be defined as "the spatio temporal ordering of agents alongside physically-constraints or characteristics" and a context as "a general construct that depends on various factors and is defined on at least two different levels", a global level (such as a socio-cultural context) and a local level (such as a meeting context). In their approach, "a situation is thus embedded in a certain context". Even if several aspects of their work are very inspiring, we think that, strictly speaking, disambiguating context and situation refers more to a terminological issue than to a conceptual one since these terms are used interchangeably most of the time.
A frequent use of context/situation is also linked with a memory-recall process (for instance if you are asked to imagine yourself in a medical or meeting context). This is a different concept that we will describe along with our conceptualization of the cognitive domain. In this section the notion we want to discuss is referred to with the term centered context. Centered Context is grounded on the idea that "contexts have an infinite dimension hence they cannot be described completely" (Dichev et al., 2007) . Dourish (2001) especially advocates the interest of not only considering spatio-temporal dimensions but also other dimensions such as the social one or the cultural one. Hence, we see a context as multidimensional and infinite and, as such, its complete description can not be achieved. Rather, the description of specific dimensions should be favoured according to its expected use,. A centered context is thus seen as a limited context, whose focus is on the description of specific, more or less complex, dimensions (for instance the spatial one, the social one, the cultural one, and so on). Figure 3 presents our conceptualization of centered context.
Figure 3. UOC conceptualization of centered context with HOZO
Centered context is defined in a given world such as the spatial world, the social world, the political world, the cultural world, and so on ("world" here refers to a specific referential frame). It consists of a subset (its parts) of all the elements that may be defined in this world. All these parts surround a specific part of the context (its center) and are related to the latter according to contextual relations.
Contextual relations are essential to the description of a centered context and are world-specific: for instance, spatial relations (next-to, near-to, on-the-right-of…) can't be used for describing social worlds. In this case, social relations are required (son-of, friend-of, boss-of…).
There is no structural differences between micro and macro levels (sometimes called local and global levels). However, a macro/micro distinction may emerge in some specific worlds according to the kinds of parts that are considered, and to relations that are defined for the sake of linking such parts. In a spatial world, country areas are obviously macro parts whereas rooms of a house may be considered as micro ones to some extent. A relation has-border-with linking two countries may thus be seen as a macro relation, whereas next-to linking two rooms would be considered as a micro one. Indeed it appears that micro/macro distinctions are relatively subjective in nature.
Centered contexts can be more or less complex. In primitive contexts, only one dimension is discussed that is either spatial (with relations such as next-to, near-to, on-the-right-of…), temporal (with relations such as prior-to, after) or abstract (the social context introduced above is a kind of abstract context). However, most of the time, primitive contexts are too limited for providing sufficient context awareness.
Composite contexts are thus defined as associations of several (primitive or composite) centered contexts (i.e. sub-contexts). Hence they relate to several worlds. For instance, should we wish to define the geopolitical context of an element, we have at least to consider elements/relations defined in the geographical world and in the political world, but also some that are specific to the geopolitical world. A composite context is thus more complex than just the sum of its sub-contexts. Furthermore, the complete description of a composite context may be difficult to achieve (this is the case for a cultural context) because the exact list of sub-contexts is hard to determine. People eliciting such contexts may then choose to describe a limited list of specific sub-contexts according to their needs.
Finally, meaningful interpretations are sometimes associated with contexts. This can be achieved by assigning a role-concept (and a role-holder label) to a centered context. Indeed a composite context can be labelled as a "meeting context" and have additional structural parts explaining socio-cultural meanings and implications. Expressing qualities of a context may be another interesting usage of the ontological role paradigm: a "dangerous context" is a regular context that has "dangerous" as a qualitative attribute (this may then require to define other necessary conditions).
Conceptualization of the Cognitive Domain
As mentioned earlier, the cultural domain cannot be modelled adequately without considering its cognitive dimension (Nisbett & Norenzayan, 2002) . In this section we describe the cognitive conceptualization we adopted in the UOC.
Firstly, mental processor refers to any structure in charge of processing/treating cognitive information. Figure 4 presents the is-a tree of mental processor.
Figure 4. UOC is-a tree and conceptualization of mental processor
In the UOC (as in YAMATO), top mental processors are single mind (located in the brain of a singleton agent such as a human being) and collective mind (located in the brain of a complex agent i.e. a group of several agents such as a cultural group). Jerry Fodor's seminal idea that mind is composed of separate specialized modules in charge of specific cognitive functions (Fodor, 1983) brings us to the identification of Sub-modules of top mental processors. They are mental processors on their own.
Until now, our conceptualization of the cognitive domain in the frame of artificial cultural awareness development has mainly focused on the memory processor in charge of memory management functions. We refer to the Atkinson-Schiffrin Model (ASM) that identifies the following three kinds of memory sub-modules (Atkinson & Schiffrin, 1968): 1. Sensory memory module for sensory information retained after the end of the sensory experience. To our current state of understanding, this module doesn't seem to be particularly related to cultural issues. It is however mentioned to demonstrate the consistency of our conceptualization with previous work. 2. Long term memory module for long term information storage. 3. Working memory module (also known as short term memory) where information is retrieved from the long term memory in order to be processed. It is frequently described as a limited buffer. Further refinements in memory conceptualization have been proposed. For instance, Baddeley and Hitch (1974; see also Baddeley, 2000) distinguish several kinds of working memory modules. The ASM conceptualization of memory can however be seen as the common ancestry of memory representations in many modern cognitive architectures of the mind such as SOAR (Laird et al., 1987) , ACT-R (Anderson et al., 2004) , EPIC (Meyer & Kieras, 1997) , or the recent CLARION (Sun, 2006) and, as such, it is an ideal "neutral backbone" for our conceptualization (see the previous section on ontology engineering). This would not restrict further specification of our mental processors in order to adequately represent modules of more modern cognitive architectures.
As mentioned earlier, memory sub-modules process cognitive information. Such information is indeed referred to as cognitive information when stored in the long term memory module. However, when being cognitively processed within a working-memory module, it is then referred to it as a thought (here one can see an analogy with computer science concepts of instructions and tasks respectively). Figure 5 presents concepts related to cognitive information.
Figure 5. UOC conceptualization of cognitive information with HOZO
When cognitive information is owned by a singleton agent, it is labelled as individual cognitive information, and when it is owned by a complex agent, it is then labelled as collective cognitive information. Cognitive information always has a memory locator that depends on the way the related top mental processor is structured. For instance, the memory locator of a collective mind may refer to a collection of memory modules distributed among several singleton agents. Anderson (1976) described two kinds of cognitive information, declarative cognitive information to represent facts, and procedural cognitive information to represent procedures or skills. Nowadays explicit memory is frequently used as a synonym of declarative memory whereas procedural memory is said to be a specific kind of implicit memory (along with other kinds of cognitive information such as simple classic conditioning i.e. reflex for instance. See BRAIN, 2009). In UOC, since the structure of cognitive information remains the subject of intense debate, we chose to conceptualize this point as an implicit or explicit property for cognitive information. Other cognitive information types such as episodic and semantic cognitive information (Tulving, 1972) , could also be defined as specializations of cognitive information .
Shared cognition is a dynamic research trend that studies mental information emerging from collective minds (Tumer & Wolpert, 2004; Panzarazas & Jennings, 2006) . In the UOC it is labelled as collective cognitive information and could be used to represent culture-specific information such as shared interpretations of elements, stereotypes or myths.
A thought is composed of one or more cognitive information elements that are being processed all together through a treating process (for instance if you see a rose and think that "this rose is beautiful", it means that you understand the concepts of rose and beauty, and dynamically make an association between them). Similarly to cognitive information, single thought is distinguished from collective thought, with several cognitive processes jointly treating collective cognitive information in the latter case.
Several independently-processed thoughts can also be linked together. The result is labelled as a composite thought. For instance, mental contexts that we have introduced in the context section are composite thoughts: if you are asked to think about a hospital context, you may think about several thoughts that are rather independent from each other such as: "there are physicians in a hospital", "a hospital is a clean building", and "a medical context potentially implies injections of drugs". It is to be mentioned that mental contexts strongly refer to personal experience and, as such, are culturallysensitive. For instance, a Japanese person would probably consider "wearing a medical mask" as part of his/her hospital context because it is mandatory as soon as you enter Japanese hospitals. This is however not the case in many other countries.
Conceptualization of the Affective Domain
Affective and cultural domains are strongly intertwined (Mesquita, 2001; Elfenbeim & Ambady, 2003; Scollon et al., 2004; Mauss et al., 2008; Scherer & Brosch, 2009 ). Affective phenomena frequently arise from cultural situations. Reciprocally, culture frequently influences affective experiences. Research has "convincingly demonstrated that there are cultural differences in the ecology of emotions" (Mesquita et al., 1997) . Hence, the necessity of a conceptualization of the affective domain in the UOC is obvious.
Addressing the affective domain in a scientific and consensual manner however remains complex for several reasons (Blanchard et al., 2009 ). For instance, affect-laden words are frequently used interchangeably (Ketal, 1975; Owens & Maxmen, 1979; Linnenbrick, 2006; Scherer, 2005) , and do not always convey the full spectrum of an affective experience, which may lead to overgeneralization (Schwarz & Skurnik, 2003) . To address this issue, psychologist Klaus Scherer produced a framework of the affect domain that adopts an approach similar to ontology engineering in many respects (Scherer, 2005) .
Scherer clearly discriminated six different affective processes from each other according to several design features (event focus, appraisal driven, response synchronization, rapidity of change, behavioral impact, intensity, duration). They are all described as multi-component processes that involve various physiological, cognitive, and behavioral subsystems (Scherer, 2005) . Their descriptions are presented in Table 1 . The UOC conceptualization of the affective domain, presented in Figure 6 , is strongly inspired by Scherer's meta-analysis.
Figure 6. UOC is-a tree and conceptualization of affect-related concepts with HOZO
Like cognitive and physiological processes, an affective process is a kind of internal process. As stated by Scherer, multiple cognitive processes comprise the cognitive dimension of an affective process and multiple physiological processes comprise the neurophysiological dimension. Since an agent's behavior is labelled as action in YAMATO, then, similarly, multiple actions (i.e. behavioral processes) compose the behavioral dimension resulting of the occurrence of an affective process.
An affective process is also identified according to several attributes. It is owned by a singleton agent and has a context of occurrence. It may result from an affective antecedent and is characterized by its duration, its rapidity of evolution, and its intensity. Intensity is composed of a physiological intensity (i.e. the intensity of biological reactions), a cognitive intensity frequently labelled as cognitive load (i.e. the impact of the affective process on the working memory module), and a behavioral intensity (i.e. the intensity of resulting behaviors). In (Scherer, 2005) , the importance and potential values of each of those attributes in the definition of each affective processes are clearly stated.
In the UOC, we endorsed the list of affective processes defined in Scherer's framework (see Table  1 ). However major structural distinctions exist between (1) mood and emotion that are labelled as state-like affects and "reflect a response to the changing environment that is based on the situation and is less stable over time" (Linnenbrick, 2003) , (2) preference and affect disposition that are labelled as trait-like affects and "reflect a general way of responding to the world, which varies by person, but are relatively stable" (Linnenbrick, 2003) , and (3) interpersonal stances and attitudes that are labelled as interaction affective modulators because they regulate interaction of their owner with the environment.
Finally, a blended affective process describes an affective experience, whose components (i.e. affective processes) are intertwined and cannot be considered individually.
Ontological conceptualization of culture and its implication at individual and group levels
In this section, we finally discuss core cultural concepts within the UOC. Many different studies from various research fields have inspired this conceptualization. This includes, but is not limited to, research in philosophy (Pyysiäinen, 2002; SEP, 2009) , in psychology (Bronfenbrenner, 1989; Cooper & Denner, 1998; Ekman, 1972; Elfenbeim & Ambady, 2003; Kashima, 2000; Mesquita et al., 1997; Oishi, 2004; Schwarz, 1992) , in business & management (Earley & Mosakowski, 2004; Hofstede, 2001; House et al., 2004) , in anthropology (Dawkins, 2006; Henrich & Boyd, 2002 , HRAF, 2009 ), in cognitive sciences (Nisbett & Norenzayan, 2002; Scharifian, 2003) , archeology (NADB, 2009 , TMP, 2009 , and even in computer science (Gessler, 1994; Gessler, 2002; Gilbert & Troitzsch, 2005; Tumer & Wolpert, 2004) .
Merging all those sources led us to propose ontological answers to the questions pertaining to (1) the identity of culture, as well as to cultural implications at (2) individual and (3) group levels. We think those three aspects cannot be discussed individually, and must be considered together. Hence, Figure 7 presents the conceptualization of culture within the UOC, as well as the enculturated agent and the enculturated complex agent concepts describing how culture is to be integrated at individual and group levels respectively.
Figure 7. UOC conceptualization of culture, enculturated agent, and enculturated complex agent with HOZO
Culture, enculturated agent, and enculturated complex agents (EnCompA) are subject to interdependent definitions in the UOC. A culture is seen as an accumulation of elements produced or integrated (endorsed) by a cultural group i.e. a coherent population of singleton agents that are thus said to be enculturated. A culture cannot exist without the cultural group that created it and, reciprocally, a group cannot be said to be cultural if it does not possess its culture. Hence an EnCompA is defined as the association of cultural group and its related culture.
Cultural Elements
Cultural elements are either the direct production of a cultural group, or elements that this cultural group has borrowed, integrated, and potentially adapted from another cultural group through grouplevel interactions such as conquests for instance. Cultural elements have to be considered at group level and are not necessarily homogeneously known/accepted/endorsed by members of their related cultural group. However, an elements still needs to be endorsed by a significant portion of a cultural group in order to be considered as a genuine part of its culture . The endorsement diffusion of an element within its related cultural group is expressed with the spread importance property.
Different kinds of cultural elements exist: -Core cultural ideas refer to collective cognitive information that may emerge from the collective mind of the EnCompA. Hence they represent information shared by members of the related cultural group such as myths, stereotypes, beliefs, common cultural interpretations, and so on. -Tangible cultural elements refer to artefacts that have been created/adopted, or are commonly used by cultural group members (for instance tools, pieces of furniture, but also food). -Cultural practices refer to simple behaviors (body language) or more complex ones (for instance rituals) that are well spread and endorsed within the cultural group membership. -Ideational cultural elements refer to original propositions or refinements that have been consciously constructed within a cultural group. For instance, "the republic" is a concept that emerged from Greek thinkers and was endorsed by their society. Later it was adopted and modified by many other cultural groups. Science discoveries, laws and formal norms are other examples of ideational cultural elements. Potential cognitive and affective interpretations of a cultural element within its related group are very important for describing the identity of this element (in Figure 7 , they are only shown for tangible cultural elements, but other kinds of elements are also subject to similar interpretations). A cultural element can indeed be linked with specific cognitive interpretations within a cultural group. For instance, people familiar with the French culture are likely to easily associate "General de Gaulle", a French major historical figure, with a well-known radio message known as "Appel du 18 Juin" and/or with ideas pertaining to the French doctrine of international independency. A cultural element can also be commonly related to affective reactions. For instances, after an international conflict, a controversial person may be seen as a hero within one cultural group, and as a war criminal within another one, thus stimulating antagonist affective reactions. Body language acts are also known to be cognitively (meaningfully) and affectively interpreted differently from one cultural group to another.
Personal Identity and Cultures
The identity of an enculturated agent depends on complex interactions between his/her personal identity and potentially several different cultural influences. In the UOC, the personal identity of an enculturated agent refers both to innate characteristics (such as his/her phenotype i.e. his/her observable characteristics), and to acquired/developed characteristics, the latter including his/her affective orientations, his/her behavioral characteristics, and his/her personal cognitive conceptions. Such conceptions can notably be related to the subjective perception of an agent regarding his/her memberships to different cultural groups (asserted memberships). Still, they do not necessarily model correctly the cultural influences that impact on the agent. Acquired/developed characteristics of the personal identity of an agent can result from personal experiences, They can also be the result of cultural pressures. Indeed, cultures can affect an agent in two different manners:
-A culture is defined as an influencing culture when its related cultural elements are commonly and, to a certain extent, unconsciously endorsed by the agent. They become genuine parts of his/her personal identity. -A culture is defined as an experienced culture when the agent had a certain access to it. thus leading to the generation of cultural understandings and interpretations. Those understandings/interpretations may be influenced by pre-existing personal conceptions. They are then integrated (acquired elements) but still remain clearly identified as "foreign elements" Furthermore, their use may sometimes be incorrect if their interpretation is false.
As mentioned previously, cultural elements are not diffused homogeneously within a cultural group. Hence a culture is said to affect an agent as soon as a sufficient number of cultural elements is known or internalized by the agent.
Distinctions between Classes of Enculturated Complex Agents
As said earlier, the identity of an EnCompA mainly refers to a culture and to its related cultural group. In some cases, sub-EnCompA can also be described by identifying a sub cultural group of enculturated agents who share a specific culture (sub culture) that other members of the main EnCompA do not know/endorse. For instance, a youth sub-culture can be identified in many countries. Members of a sub-culture can endorse additional cultural elements. They can replace cultural elements from the dominant culture by other ones.
Furthermore, cultural development being a never-ending process, it is sometimes possible and useful to consider the status of a culture at a certain period of the history. This is labelled as eraspecific culture in the UOC. Several sub-cultures of a main culture can co-exist, but that is not possible in the case of era-specific cultures since they are defined sequentially. Sometimes a formal name can be attributed to an era-specific culture. For instance, Edo culture, and Meiji culture are Japanese era. Overall, any date-to-date specification can be enough to specify an era. For instance current US youth sub-culture is different than US youth sub-culture during the 1985-1995 period.
Culture, sub-culture and era are notions that are frequently country-specific. However, cultures can be attached to many other kinds of groups, thus forming an EnCompA. Hence in the UOC, various kinds of EnCompA are proposed. We now present the first levels of criteria for the disambiguation of EnCompA.
In social EnCompA, the group cohesion results from social interactions between group members. There are different way of becoming a member of a social EnCompA: (a) only by birth (one can be considered an Apache -ethnic nation, to be distinguished from appearance/phenotype-based grouping -only if at least one of his/her parents is already an Apache), (b) only by commitment (one can be part of a business organization only if he/she decides he/she wants to, or if someone forces him/her to be), or (c) by both (one can be a German -civic nation -because he/she has a German parent or because he/she obtained citizenship by legal means). The social nature of such EnCompA may imply specific socio-cultural elements such as social practices, (communication practices being particular ones), and interactions norms to inform the use of social practices. As mentioned previously, there exists many potential social EnCompA subtypes such as ethnic nation, civic nation, tribe, belief-based EnCompA, business company, academic EnCompA, and military EnCompA. Furthermore, in the Internet age, social services can be provided through communication tools (such as chat and forums for instance) to various communities that would otherwise be composed of socially-isolated learners, thus revealing a new social dimension.
In property-sharing EnCompA, group cohesion depends on a common non-social property shared by group members. Many different non-social properties are commonly adopted to discriminate EnCompA and some are frequently used in academic research : shared phenotype (Black, Caucasian, Asian…), wealth level (rich, poor, middle class), work or leisure occupations (soccer fans, farmers, scientists…), language (English speaking people, Arabic speaking people…), physical condition (deaf people, blind people) to cite but a few. To support the study/use of property-shared groups as cultural groups, it is suggested that people sharing a specific property are likely to better understand each others because they are familiar with similar information, living conditions, or shared experiences. Sometimes it is however questionable whether such categorizations are realistic, and actually reflect a cohesive cultural group.
Risks of oversimplification are huge when defining an EnCompA with only one property, whether it be social or not. Associations of property are possible and well suited in many cases: they are labelled as hybrid EnCompA. Indeed using only a phenotype attribute such as Black to design an EnCompA is very fuzzy since it may reflect very different realities among its members. However, the association of the Black phenotype attribute with the US civic nation allows to describe a US minority, and to discuss social variations. EnCompA can thus be defined with many degrees of specialization (Irish Catholic American, Asian-American middle class, Canadian citizen of Indian ancestry and living in Toronto, French-speaking Belgians, and so on). Such accumulation of properties is a common practice in human and social sciences. However not all associations are possible in any
History
History is a very difficult domain to conceptualize in a neutral and consensual way. Our preliminary analysis of History is mainly inspired by the interesting summary of research made by Daniel Little (Little, 2007) .
Little describes the human historical process as "a temporally ordered sequence of events and processes involving human doings, within which there are interconnections of causality, structure, and action, within which there is the play of accident, contingency, and outside forces" (Little, 2007) . He also explains how to nurture this process: through "facts in the present-ruins, inscriptions, documents, oral histories, parish records, and the writings of previous generations of historians-to support inferences about circumstances and people in the past" (Little, 2007) . Concepts will have to be determined to describe archaeological, anthropological, and historical procedures of analysis.
Whether historical objectivity can be obtained is a long-lasting question because, as for a culture, the historical process is too broad to be fully modelled:
"To single out the history of something specific […] is unavoidably to select, from the full complexity of events and actions, a limited set of related historical features that will be traced through a process of development. And this in turn raises the point that "history" depends partly on "what occurred" and partly on "what we are interested in." (Little, 2007) Furthermore, the notion itself of "objective history" is limited to simple historical facts, whereas considering higher order historical events will necessarily imply interpretation, thus provoking (conscious or unconscious) subjectivity and raising the risk of controversies: (Little, 2007) While ensuring the objectivity of a culturally-aware system is far beyond the scope of the UOC and will remain a prerogative of its development team, the UOC still has to provide all the necessary conceptual tools to coherently computerize notions such as non-definitive claims, hesitations, incompleteness of knowledge or competing/controversial interpretations of historical traces and events.
CONCLUSION
In this chapter, we have presented results of a thorough formal ontology analysis that we have applied to the cultural domain. The fundamental concepts of our Upper Ontology of Culture (UOC) have been obtained by identifying the common backbone of culture-related disciplines and activities, and are of interest for the development of a variety of culturally-aware technologies and applications.
As a neutral and interdisciplinary conceptualization, the UOC proposes (a) theory-grounded guidelines on what IT development teams should focus on when addressing a specific cultural issue, (b) ways of appropriately computerizing cultural aspects of a given problem by suggesting templates for theory-driven data structures and data management processes, (c) ways of promoting interoperability by enforcing the consistency of cultural data modelling between systems, thus facilitating their reuse, and (d) hints for developing automatic reasoning processes that should allow systems to take culturally-informed decisions.
Developing the UOC is a long journey, and refinements and extensions are already in process. The UOC has to be understood as a meta-approach to the cultural domain (discipline and applicationindependent), which means that adaptations of our conceptualization will be necessary when integrating UOC conceptualization to the design and runtime processes of information systems.
Finally, a successful ontology requires a certain level of endorsement from a community. Thus, the evolution of our project will imply discussions, corrections, and agreements with other scholars, as well as the successful development of UOC-grounded applications.
